ABSTRACT: Partial budget analysis was used to determine the economic outcome of estrus synchronization (ES) and timed artifi cial insemination (TAI) in commercial cow-calf production. Suckled beef cows (n = 1,197) from 8 locations were assigned randomly within each location to 1 of 2 treatment groups: 1) cows were inseminated artifi cially after synchronization of ovulation using the CO-Synch + CIDR protocol, which includes a 100-μg injection of GnRH (OvaCyst; TevaAnimal Health, St. Joseph, MO) when a controlled internal drug-releasing device (CIDR; Pfi zer Animal Health, New York, NY) containing 1.38 g of progesterone was inserted. The CIDR was removed 7 d later, and cows received a 25-mg injection of PGF 2α (PGF; Lutalyse; Pfi zer Animal Health), followed in 66 h with TAI and a second 100-μg injection of GnRH (TAI; n = 582), and 2) cows were exposed to natural service (NS) without estrous synchronization (Control; n = 615). Within each herd, cows from both treatments were maintained together in similar pastures and were exposed to bulls 12 h after the last cow in the TAI treatment was inseminated. Overall, the percentage of cows exposed to treatments that subsequently weaned a calf was greater (P < 0.05) for TAI (84%) than Control (78%) cows. In addition, survival analysis demonstrated that cumulative calving distribution differed (P < 0.05) between the TAI and Control treatments. Weaning weights per cow exposed to treatments were greater (P < 0.01) for cows in the TAI treatment (193.4 ± 4.3 kg) than those cows in the Control treatment (175.9 ± 4.3 kg). Overall, increased returns plus decreased costs ($82.32) minus decreased returns plus increased costs ($33.18) resulted in a $49.14 advantage per exposed cow in the TAI treatment compared with the Control treatment. Location greatly infl uenced weaned calf weights, which may have been a result of differing management, nutrition, genetic selection, production goals, and environments. We concluded that ES and TAI had a positive economic impact on subsequent weaning weights of exposed cows.
INTRODUCTION
Estrous synchronization (ES) and fi xed-timed artifi cial insemination (TAI) protocols have been developed that yield pregnancy rates similar to protocols requiring detection of estrus (Larson et al., 2006) . Accordingly, the use of ES and TAI has the potential to infl uence the economic effi ciency of cow-calf enterprises (Sprott, 1999) . Possible outcomes from the combined use of ES and TAI include shortened calving season, increased calf uniformity, earlier births during the calving season, enhanced preweaning growth, and heavier calves at weaning (Odde, 1990) .
Previous models have evaluated the economic benefi ts derived from ES and TAI based on heavier weaned calves (Johnson and Jones, 2005) . Calves derived from ES were estimated to be 10 d older than calves not derived from ES. On the basis of an assumed daily growth rate of 0.91 kg/d, the investigators determined that calves born from ES gained an extra 9.1 kg. In the current study the additional 9.1 kg determined in the model would have returned $16.23. A 5-yr mean selling price in the current study of $121.00/45.5 kg resulted in a value of $664.84/250.0 kg calf. A 5-yr mean price slide in the current study was determined to be $7.00/45.5 kg, which resulted in a selling price of $119.60/45.5 kg, or a total value of $681.06/259.1 kg calf (USDA, 2011) . The value of $681.06/259.1 kg calf minus the value of $664.84/250.0 kg calf resulted in a return of $16.23 for the additional gain of 9.1 kg in the model.
Until now, no experiment has been conducted that examines the economic outcomes of the management decision to intervene with ES and TAI technologies in commercial cow-calf production. The objective of this study was to conduct a partial budget analysis to determine the economic effect of ES and TAI on the production of weaned calves in commercial cow-calf operations.
MATERIALS AND METHODS
All study procedures and animal care activities were conducted in accordance with the guidelines of the University of Minnesota Animal Care and Use Committee.
Treatments
Suckled beef cows (n = 1,197) from 8 locations in north central or northwest Minnesota were stratifi ed by calving date and assigned within location and stratum to 1 of 2 treatment groups: 1) cows inseminated artifi cially after synchronization of ovulation using the CO-Synch + CIDR protocol (Larson et al., 2006) , which included injection of 100 μg of GnRH (OvaCyst; Teva Animal Health, St. Joseph, MO) concurrent with insertion of a controlled internal drug-releasing device (CIDR; Pfi zer Animal Health, New York, NY) containing 1.38 g of progesterone, removal of the CIDR 7 d later concurrent with an injection of 25 mg of PGF 2α (PGF; Lutalyse; Pfi zer Animal Health), followed in 60 to 66 h with TAI and a second injection of 100 μg of GnRH (TAI; n = 582), or 2) cows mated by natural service (NS) with no estrous synchronization (Control; n = 615). Mean days postpartum at the beginning of the breeding season was 64, with a range of 21 to 108 d. Within each herd, cows from both treatment groups were maintained together in similar pastures and were exposed to NS bulls, beginning 12 h after the last cow in the TAI treatment was inseminated. Producers at each location retained ownership of their calves and placed them in their own backgrounding yards after weaning. The backgrounded calves from all herds were sold at local auction markets. All herds developed their own replacement heifers.
Herd Description

Multitrait Selection of Bulls
For selection of AI sires in the TAI treatment, the owner of each herd selected semen that met the following criteria: cost per unit of semen less than $20, expected progeny differences (EPD) for weaning weight, yearling weight, maternal milk, and calving ease direct all greater than 50% of the breed average, and greater than $30 for the $ beef index for black Angus bulls. Bulls used as clean-up bulls for the TAI treatment and to service all Control cows were of the same breed within each location as the AI sires, and selection criteria of the NS were similar to those of AI sires.
Partial Budget Analysis
A partial budget analysis was used to assess the economic effect of ES and TAI (Kay and Edwards, 1994) . Economic outcomes were measured using increased returns and decreased costs compared with decreased returns and increased costs attributed to the intervention of ES or TAI in a commercial cow-calf production system (Table 1) .
Partial budget analysis calculations were based on 2 production outcomes: 1) weaning weight of calves from cows exposed to treatment as average BW weaned per cow treated and 2) average weaning weight of calves weaned. Both calculations provide whole-system analysis of cow-calf production (Davis et al., 1994 ).
An overall 5 yr average selling price of $121.00/45.5 kg was obtained for calves of similar BW and quality on or near the date of weaning at the West Fargo, ND, Auction Market (USDA, 2011). Costs in the TAI group were reduced $32.74 by a reduction in the number of NS sires from a ratio of 1 NS sire per 17 cows to a ratio of 1 NS sire per 30 cows for a reduction in NS sire costs per exposed cow from $75.56 to $42.82 (calculator obtained from J. McGrann, Department of Agricultural Economics, Texas A&M University, College Station, TX).
In this study, facilities did not require upgrading to safely and effi ciently execute ES and TAI. In operations that require facility upgrades or purchase portable facilities to ensure proper animal handling during ES and TAI, the additional cost of the upgrades must be included in the analysis. The capital expenditures for proper working facilities may not be necessary for ES and TAI on sites built for management interventions such as pregnancy diagnosis or implementation of herd health programs.
The cost of semen, pharmaceutical products, and supplies for ES and TAI were entered under increased costs (Baker et al., 2004) . Pharmaceutical products included one 25-mg injection of PGF, two 100-μg injections of GnRH, and 1 CIDR. Supplies included syringes, needles, plastic sleeves, lubricant, and pipettes.
Statistical Analysis
The study was designed as a randomized complete block design. Within herd, cows were stratifi ed according to parity and days postpartum before assignment of treatments. Weaning weight per cow exposed, weaning weight per cow calving, weaning weight per cow weaning a calf, days to calving after initiation of the calving season, and calving distribution by noncumulative 10-d intervals were analyzed by ANOVA using the MIXED procedure (SAS Inst. Inc., Cary, NC). The model included treatment, herd, and the treatment × herd interaction. Means were separated by using the LSD when a protected F test (P ≤ 0.05) was detected.
The procedure LIFETEST of SAS was used for survival analysis of number of days to calving from initiation of the calving season for treatments. The data were right censored using d 0 as the fi rst day of the breeding season. Means were separated using LSD when a protected F test (P ≤ 0.05) was detected. More concentrated calving season 10 Supplies 11 1 Calves born earlier in the calving season may be heavier. 2 Fewer cull bulls attributed to fewer bulls in the herd. 3 Increase in weaning weight may be attributed to improved genetic potential derived from the artifi cial insemination sire. 4 More pregnant cows due to additional estrous cycles per breeding season. Fewer open cows culled.
5 Calves more uniform in weight attributed to a shorter calving season.
6 Reduction in cow:bull ratio attributed to pregnancies from fi xed-time artifi cial insemination (TAI).
7 Increased labor requirements attributed to TAI protocols. 8 Fewer attended dystocias attributed to the sires with low calving ease direct expected progeny differences. 9 Possible upgrades to handling facilities attributed to TAI protocols.
10 Less management and labor costs attributed to fewer days in the calving season. 11 Increased cost attributed to semen, pharmaceuticals, pipettes, and other equipment.
RESULTS AND DISCUSSION
Calving Distribution
A greater (P = 0.006) percentage of cows exposed to the TAI treatment (84%) weaned a calf during the subsequent calving season compared with cows exposed to the Control treatment (78%). No treatment × herd interaction existed, but the percentage of cows exposed to treatments that subsequently weaned a calf was affected by herd (P < 0.001) and ranged from 73% to 85%. In addition, survival analysis demonstrated that the calving distribution of cows that calved differed signifi cantly between the TAI and Control treatments (Figure 1) , resulting in the mean calving day from initiation of the calving season being shorter (P < 0.001) for TAI (26.8 ± 0.8 d) than Control (31.3 ± 0.8 d) cows. In addition, mean calving day differed (P < 0.001) by herd, with Herd 3 (18.9 ± 1.0 d) experiencing the shortest mean interval and herd 6 (43.8 ± 1.1 d) experiencing the longest mean interval to calving (Figure 2) . Assessment of calving distribution by noncumulative 10-d intervals (Figure 3 ) revealed that a greater (P < 0.05) percentage of cows exposed to TAI calved during the fi rst (106/582; 18%) and second (128/582; 22%) 10-d intervals of the calving season than cows in the Control treatment for the fi rst (36/615; 6%) and second (98/615; 16%) 10-d intervals. However, during d 21 to 30, a greater (P < 0.05) percentage of Control cows (151/615; 25%) calved than cows in the TAI treatment (114/582; 20%). Similarly, during d 31 to 40, a greater (P < 0.01) percentage of Control cows (128/615; 21%) calved than cows in the TAI treatment (87/582; 15%) and during d 41 to 50, a greater (P < 0.05) percentage of Control cows (64/615; 10%) calved than cows in the TAI treatment (41/582; 7%).
Reproductive management in the individual herds resulted in breeding seasons ranging from 42 to 71 d. However, in spite of a relatively short breeding season in all herds the use of ES and TAI altered calving distribution, average calving day, and calf weaning weights per exposed cow. Although these herds likely had a high proportion of cycling females at the initiation of the breeding season (Spitzer et al., 1995; Lamb et al., 2001) , incorporation of an ES and TAI protocol signifi cantly altered calving distribution and mean calving date.
The shape of the calving distribution curve for the TAI group was indicative of ES (Odde, 1990; Larson et al., 2006) . A spike in calving occurred on d 1 to 20 of the calving season, followed by fewer calves being born during subsequent 10-d intervals. Cows responding directly to ES conceived soon after the start of the breeding season. Cows that did not conceive at this time conceived at similar rates during subsequent 10-d intervals.
The calving distribution curve for the Control treatment differed in that more cows conceived during the interval from d 21 to 50 of the calving season than the fi rst 20 d of the calving season. This calving distribution appears similar to those previously reported for cows exposed to NS bulls (Whittier et al., 1991) . However, one cannot ignore that the increased estral activity of the TAI cows may have infl uenced the increase in the number of Control cows that initiated their postpartum estrous cycles sooner in the breeding season. Anestrus cows exposed to pheromones present in cervical mucus or excretory products of estral cows may initiate luteal function sooner than nonexposed anestral cows (Berardinelli and Joshi, 2005) . When cows were exposed to their own excretory fl uids, 33% initiated luteal function, whereas luteal function in a group of anovulatory cows exposed to the cows in estrus increased by more than 50% within 21 d. Therefore, it is possible that the action of female pheromones may have infl uenced early onset of ovulatory cycles in postpartum anestrous cows.
Weaning Weights of Exposed Cows
When including all cows exposed to treatments, weaning weights per cow exposed to treatments was greater (P = 0.004) for cows in the TAI treatment (193.4 ± 4.3 kg) than those cows in the Control treatment (175.9 ± 4.3 kg). Similarly, when including only cows that calved, weaning weights per cow calving was greater (P = 0.017) for cows in the TAI treatment (213.1 ± 3.7 kg) than those cows in the Control treatment (200.8 ± 3.6 kg). However, when including only cows that weaned a calf, weaning weights per cow weaning a calf were similar (P = 0.252) between TAI (233.3 ± 4.3 kg) and Control (230.6 ± 4.3 kg) cows. No treatment × herd interaction existed for the 3 analyses mentioned; however, herd affected (P < 0.01) weaning weights per cow of cows exposed to treatments, weaning weights per cow of cows calving, and weaning weights per cow of cows weaning a calf (Table 2) . A previous economic model evaluated the economic benefi ts derived from ES and TAI on the basis of heavier weaned calves, and those calves derived from ES were estimated to be 10 d older than calves not derived from ES (Johnson and Jones, 2005) . On the basis of an assumed daily growth rate of 0.91 kg/d, the investigators determined that the calves gained an extra 9.1 kg. In the current study, the additional 9.1 kg determined by the model would have returned $16.23. A 5-yr mean selling price in the current study of $121.00/45.5 kg resulted in a value of $664.84/250.0 kg calf. A 5-yr mean price slide in the current study was determined to be $7.00/45.5 kg, which resulted in a selling price of $119.60/45.5 kg, or a total value of $681.06/259.1 kg calf (USDA, 2011). The value of $681.06/259.1 kg calf minus the value of $664.84/250.0 kg calf resulted in a return of $16.23 for the additional gain of 9.1 kg in the model. Increased calf weaning weights of calves whose dams were exposed to ES or TAI have been attributed to a combination of calves being born earlier in the calving season and improved genetic growth potential (Johnson and Jones, 2005) . In addition, ES with a single injection of PGF in combination with NS in a 25-d breeding season resulted in improved synchrony of calving, increased steer weaning weights, and increased steer value . However, in this study, AI bulls and NS bulls were selected using similar selection criteria, and no improvement in weaning weights among treatments was anticipated on the basis of improved genetic growth potential. The infl uence of ES and TAI enhanced weaning weights per cow exposed to treatments or per cow calving but failed to increase weaning weights per cow weaning a calf. Therefore, the primary advantage of ES and TAI on weaning weights appears to be associated with decreased culling rates of cows before the calving season or decreased culling of cows and calves early in the calving season, rather than improved calf performance associated with calf age.
Partial Budget Economic Analysis
A $49.14 increase was realized in returns for the TAI group by an additional 17.5 kg in weaning weight per exposed cow to treatment (Table 2 ) on the basis of computations using an average selling price of $121.00/45.5 kg. A price slide was not included in the computations as the additional 17.5 kg in weaning weight per exposed cow to treatment resulted from additional calves weaned with similar weaned weights ( Table 2 ). In addition, the TAI group had reduced costs of $32.74. Reduced costs were attributed to a reduction in the number of NS sires from a ratio of 1 bull:17 cows to a ratio of 1 bull:30 cows (Table 3) . No decrease in returns was recorded for the sale of fewer cull bulls in the TAI group because the loss was included in the total NS bull cost per exposed cow. Costs for the TAI treatment increased because of increases in labor ($4.10) and supplies ($29.08) per cow exposed.
Overall, increased net returns (increased returns plus decreased costs; $82.32) minus decreased net returns (decreased returns plus increased costs; $33.18) resulted in a $49.14 advantage per exposed cow for the TAI group, when using a ratio of 1 bull to 17 cows. In Herds 1, 2, 3, 4, 6, 7, and 8, the TAI treatment group realized gains of $55.34, $19.42, $72.49, $138.90, $36.25, $30.21, and $46 .73 per exposed cow, respectively, whereas in herd 5 the TAI group realized a loss of $6.21 per exposed cow. Table 3 . Partial budget analysis for cows exposed to estrous synchronization followed by natural service compared with cows exposed only to natural service (expressed in US$) Increased returns may be infl uenced by a heavier calf at weaning. Calves may be born earlier in the calving season as a direct result of TAI and would be older and heavier at weaning (Dunn and Kaltenbach, 1980) . The use of AI bulls with increased weaning weight EPD relative to NS bulls may positively infl uence weaning weights (Leighton et al., 1982) . The genetic potential for preweaning growth of the AI-sired calves would be greater than the calves sired by the NS bulls if the AI bulls had relatively increased weaning weight EPD than the NS bulls (Johnson and Jones, 2005) .
Improved uniformity may be a potential infl uencer of increased returns (Turner et al., 1992) . As a result of ES and TAI, calves may be born in a shorter calving season, resulting in an increased number of weaned calves of similar age. However, in this study the length of the breeding season was not altered by incorporation of ES and TAI. In fact, the length of the calving season is simply dependent on the duration that cows are exposed to bulls, regardless of whether ES and TAI or NS are used to manage a breeding season. However, the use of fewer AI bulls than NS bulls may result in more calves with similar preweaning growth potential and therefore contribute to more uniform weaning weights.
Decreased costs may be infl uenced by various factors related to bull costs and labor costs. Assuming that pregnancy rates for ES and TAI are likely greater than 50% (Schafer et al., 2007; Bridges et al., 2008; Lamb et al., 2010) , fewer NS bulls may be required for the remaining 50% of the cow herd compared with NS bulls needed for the entire cow herd in the absence of ES and TAI. Costs per cow exposed attributed to NS bulls may be reduced relative to the reduction in the number of NS bulls (Healy et al., 1993) . Suffi cient NS bull numbers were necessary to maintain acceptable overall pregnancy rates.
Decreased labor costs may result from the ES and TAI intervention. A more concentrated calving season may reduce labor costs by reducing the number of days needed to observe calving. Selecting AI bulls with more favorable calving ease direct EPD compared with the herd NS bulls may reduce the number of cows experiencing dystocia (Nugent et al., 1991) . The labor required to attend to dystocias would be less, resulting in decreased labor costs.
Decreased returns may result from fewer NS bulls being culled per year because of the reduction in the overall number of NS bulls, whereas increased costs may accrue because of increased labor requirements. Cows in this study were handled a total of 3 times for the ES and TAI protocol. Artifi cial insemination required additional labor for cattle handling and AI.
In summary, previously well-managed herds with relatively short breeding seasons had differing economic outcomes from the intervention of ES and TAI. Management factors related to the 4 areas of the partial budget analysis affected the economic outcomes. Factors infl uencing costs per exposed cow, such as weaning weight, bull costs, labor costs, semen costs, and pharmaceutical costs, all contributed to the economic results. Factors that may have infl uenced calf weight, such as environment, stressors, quality of natural resources, and management system, may have directly infl uenced economic outcomes but were not directly evaluated in this study.
Using a partial budget analysis, this study examined the economic implications of the intervention with ES and TAI on the value of weaning weight of exposed cows in commercial cow-calf production. This study explored a subsample of the total system of cow-calf production and examined the impact of ES and TAI on increased and decreased returns and costs. Weaning weight of cows exposed to ES and TAI was a major driver of profi t. The decision to use ES and TAI affects many parts of the production system, and producers can use partial budget analysis as an aid in defi ning the success of ES and TAI reproductive management program.
